Creutzfeldt-Jakob disease (CJD) is a rare, fatal neurodegenerative disease that occurs in sporadic, genetic, variant, and iatrogenic forms. The transformation of normal prion protein (PrP C ) to the abnormal form (PrP Sc ) is a key step in the pathogenesis of CJD and leads to the accumulation of amyloid and spongiform changes in the brain. The presence of PrP Sc in tissue is a surrogate marker for CJD infectivity. Sporadic CJD, whose cause is unknown, is by far the most frequent form with 1-2 cases per million population occurring every yearFthe genetic forms of CJD are rather rarer. The majority of variant CJD cases have occurred in the United Kingdom, where there have been four reports of transmission of vCJD by blood transfusion. The great majority of iatrogenic transmissions of CJD have resulted from the use of pituitary-derived hormones or dura mater with only a very few cases attributable to neurosurgical instruments or corneal transplants. In the absence of a validated test for CJD infectivity in eye donors, the application of appropriate donor selection criteria and the use of single-use instruments in eye banks are currently the most effective means of reducing the risk of CJD transmission. Onward transmission by reusable ophthalmic surgical instruments has not been reported, but the risk cannot be excluded. Use of appropriate cleaning and disinfection protocols and the ability to identify and quarantine instruments that may have been used on an infected patient are important safeguards.
1
Sporadic CJD, whose cause is unknown, is the most common form, occurring with an annual frequency worldwide of approximately one case per million population and accounting in the United Kingdom for over 75% of CJD deaths (Figure 1 ). This form generally affects those aged 60-80 years and results in a rapidly progressive dementia with death occurring on average within 6 months. The genetic forms of CJD, which are associated with point mutations or insertions in the gene encoding the prion protein (PRNP), are rather rarer (Figure 1 ). Gerstmann-Sträussler-Scheinker disease (GSS) and fatal familial insomnia (FFI) are also inherited forms of prion disease though phenotypically and genetically distinct from gCJD. Iatrogenic CJD is acquired during medical or surgical treatment and has been responsible for just 4% of CJD deaths in the United Kingdom since 1995. The other acquired form, vCJD, is considered to be a consequence of human exposure to bovine spongiform encephalopathy (BSE) in the food chain. In contrast to sCJD, vCJD occurs in much younger individuals (median age 26 years; range, 12-74 years) and the illness has a longer duration (median 14 months; range, 6-40 months). The great majority of cases have occurred in the United Kingdom where there have been 164 vCJD deaths since 1995.
Prion disease
Transmissible spongiform encephalopathies (TSE) occur in humans (CJD) and other mammalian species, notably scrapie in sheep, BSE in cattle, chronic wasting disease (CWD) in North American cervids, and transmissible mink encephalopathy (TME). These diseases are marked by the transformation of normal prion protein (PrP C ), a membrane-bound glycoprotein of unknown physiological function, into a misfolded configuration (PRP Sc ). 2 This transformation is characterized by a conformational change in protein structure with the refolding of a-helices into -sheets, which imparts a degree of resistance to proteolytic digestion by proteinase K. Replication of this abnormal form of the protein through progressive conversion of PrP C , a process that perhaps requires an as yet unidentified cofactor/ molecular chaperon, leads to the accumulation of PrP Sc as amyloid fibrils and results in spongiform changes in the brain. According to the prion hypothesis, PrP Sc is the sole component of the infectious agent responsible for prion diseases. Although the precise nature of the transmissible agent in prion diseases is uncertain, the presence of PrP Sc is currently the only surrogate marker for CJD infectivity in tissues.
PrP
Sc and sCJD subtypes (Figure 2 ). Virtually all those with type 1 PrP Sc are MM, whereas the majority of type 2 PrP Sc is VV. The clinical course of the disease, including age at onset and duration of disease, onset of dementia, ataxia, myoclonus and visual problems, EEG characteristics and the neuropathological features has been reported to vary with sCJD subtype; for example, the duration of disease in MM1 and MV1 is shorter than for the other subtypes. 3 A further classification of PrP Sc into four biochemically distinct subtypes that are independent of codon 129 polymorphism and PrP res isoform was recently reported. 4 
Prevalence of vCJD
Numbers of deaths from vCJD are not necessarily an indicator of the actual prevalence of infected individuals in the population, which includes carriers of the disease that remain asymptomatic and those that are incubating preclinical disease. Susceptibility and the time of onset of clinical disease may also be influenced by gene polymorphisms, which means that the fall in vCJD deaths seen in recent years could be followed by a second peak. A study of 12 674 appendectomy and tonsillectomy specimens found three appendix samples with an abnormal accumulation of PrPFnone of the tonsil specimens were positive for PrP. 5 If it is assumed that all three positives were indicative of vCJD infection, the estimated prevalence in the population of the United Kingdom would be 237 per million (95% CI, 49-692 per million), which suggests that 3808 individuals (95% CI, 785-11 128) aged 10-30 years are infected but asymptomatic. This report, however, highlights several caveats. 5 There is uncertainty about the negative results because the rate of accumulation of PrP in lymphoreticular tissue from the time of infection is not known. Interpretation of the positive results also has a degree of uncertainty and, in an attempt to resolve this, experimental transmission using tissue from one of the positive cases is being investigated. Analysis of the PRNP gene in the remaining two positive cases found that both were valine homozygotes at codon 129, unlike the clinical cases of vCJD that have thus far all been methionine homozygotes, suggesting that this genotype is also susceptible to BSE infection. 6 Because of continuing concerns about the potential human-human transmission of vCJD, a large scale study utilizing the National Anonymous Tonsil Archive (NATA) to examine 100 000 pairs of tonsils collected during routine tonsillectomies is currently underway.
Iatrogenic CJD
Worldwide data quoted by the World Health Organization (WHO) in 2006 show that there have been at least 363 iCJD deaths.
1,7 Apart from seven deaths where neurosurgical instruments or stereotactic EEG electrodes were implicated in the transmission and two instances of transmission by corneal allograft (one confirmed, one probableFthere are also a number of possible transmissions), most iCJD has resulted from the use of human pituitary-derived hormones (growth hormone, 180 deaths; gonadotropin, four deaths) and dura mater allografts (168 deaths). There have also been four reports of transmission of vCJD by blood transfusion 8 (these are classified as vCJD rather than iCJD deaths in the National CJD Surveillance Unit data shown in Figure 1 ).
Risk of CJD transmission by ocular tissue

Retina and optic nerve
The latest WHO classification of TSE infectivity 1 puts retina and optic nerve into the high infectivity category as infection has been transmitted to non-human primates by ocular tissue homogenates from humans that died of CJD. 9 There are two reports of detection of PrP Sc in retina and optic nerve of eyes from individuals with vCJD, although there are quantitative differences in the findings. Wadsworth 10 An explanation for these discrepancies based on differences in disease progression between sCJD subtypes and vCJD has been proposed by Head et al. 12 It is likely that PrP Sc accumulates in the retina by centrifugal spread from the brain along the optic nerve, which suggests that the amount and distribution of PrP Sc in the retina could be a function of the duration of the disease. Both groups were able to detect PrP Sc in retinas from vCJD individuals presumably owing to the longer duration of disease compared with sCJD. Moreover, the sCJD individual in whose retina PrP Sc was not detected had the MM1 subtype, which has a shorter duration than the less common VV2 subtype of the individual where retinal PrP Sc was not detected. Head et al 12 subsequently had the opportunity also to study retina from an individual with subtype MM1 sCJD. They did this time detect retinal PrP Sc , but only after phospotungstate precipitation and at a level that was between 0.1 and 1% of that in vCJD brain. Overall, these biochemical studies and the transmission studies in non-human primates indicate that retina and optic nerve do have the potential to transmit CJD infection and are accordingly included in the high infectivity category of the WHO classification. 
Cornea and anterior segment
Cornea is classified by WHO in the lower infectivity category because PrP Sc has not been detected by biochemical or immunohistochemical means in any ocular tissue other than retina and optic nerve. 10, 11 Penetrating keratoplasty (PK) in non-human primates and guinea pigs using corneas from sCJD-infected individuals has not transmitted CJD; but placing infected tissue into the anterior chamber of guinea pigs or injecting emulsified corneal tissue into the brains of mice did result in the appearance of clinical/pathological signs of CJD in some but not all of the recipients. 13 There have been several reports of corneal allograft recipients subsequently developing sCJD. 14, 15 The first of these was in 1974 and is the only one considered to be a confirmed case of iatrogenic transmission as there was autopsy confirmation of CJD in both the donor and recipient. 16 This was also the first reported humanhuman transmission of sCJD. Only one of the other cases is thought to be a probable transmission, 17 whereas the remaining reports are speculative owing to the lack of autopsy confirmation of CJD in the eye donors.
14 Indeed, modelling and population studies strongly suggest that these cases could be coincidental infections rather than iatrogenic transmissions of CJD. More than 30 000 corneal transplants are carried out every year in the United States, and it has been estimated that one case of sCJD could occur coincidentally in this population every 18 months. 15 By contrast, an incident occurred in 1997 in the United Kingdom where sCJD was confirmed in an eye donor after the corneas and sclerae had been transplanted, but before the recipients had developed any related symptoms. Shortly before the 56-year-old female donor died from carcinoma of the bronchus, she had developed neurological symptoms thought to be due to brain metastases. However, on postmortem examination, this turned out not to be the case, and a diagnosis of sCJD was later confirmed.
14 The recipients were advised that the tissue should be removed, which was accepted by one of the cornea recipients and by the single recipient of both sclerae, but not by the recipient of the fellow cornea. Immunohistochemical staining of the removed tissue failed to detect PrP Sc . The cornea recipient who opted to have the tissue removed died at the age of 92 years due to bronchopneumonia 7 years after the initial PK, showing signs of dementia not considered consistent with iCJD. The other two recipients were still free of any symptoms suggestive of iCJD 8 years after the event. 14 
Reducing risk of transmission by tissue allografts
A validated test for CJD infectivity in tissue donors is not currently available for routine use. Apart from questions about the most suitable analyte (e.g. tonsil, spleen, or retina), the interpretation of positive and negative results is still uncertain. The outcome of a test could be influenced by considerations such as the CJD subtype and whether sufficient PrP Sc accumulates in tissue during incubation of the disease to allow detection.
Application of appropriate donor selection criteria to exclude ocular tissue donors that could possibly be harbouring CJD remains an important means of assuring the safety of corneal and limbal tissue/cell transplants. These criteria were thoroughly reviewed in the United Kingdom following the 1997 CJD incident mentioned earlier.
14 In fact, if the extant criteria at the time had been applied correctly, the eye donation would not have taken place (i.e. the donor had a neurological condition of unknown aetiology, presumed to be metastases to the brain, that had to be investigated by postmortem examination). There must, however, be a balance to achieve an acceptable degree of risk reduction without excluding large numbers of potential donors because selection criteria are too restrictive. 18 The effectiveness of donor selection criteria is supported by the data from the United States where hundreds of thousands of corneal transplants have taken place since the case of iCJD in 1974 16 without any further reports of confirmed or probable transmissions of CJD.
Risk of CJD transmission by surgical instruments
The infectious agent of CJD adheres strongly to metal, and experiments with metal wires exposed briefly to infected tissue have shown this to be a highly effective route of transmission of infection. 19 Concerns have therefore been raised about transmission by surgical instruments given that the infectious agent is remarkably resistant to conventional means of instrument sterilization. These concerns were heightened by the finding of PrP Sc in peripheral tissues not just from individuals with vCJD but from those with sCJD and iCJD. 20 In the United Kingdom, single-use instruments are used for eye retrieval and all tissue processing by the main eye banks. This renders cross-contamination between donors, not just of CJD, unlikely. Although epidemiological evidence fails to support transmission of CJD by ophthalmic surgical instruments, the possibility of iCJD by this route cannot be excluded. 21, 22 In the absence of single-use alternatives for many ophthalmic instruments, the tracking of instruments and the avoidance of migration between instrument sets are important safeguards to prevent the onward transmission of CJD, in the event that specific instruments need to be identified and quarantined. It is also important to follow recommended protocols for the cleaning and disinfection of instruments. The very small number of reported transmissions of CJD by neurosurgical instruments is noteworthy in this respect. 7 Advice on surgical instruments and on the risk of CJD transmission is available from the Royal College of Ophthalmologists (http://www.rcophth.ac.uk).
Conclusions
Ocular tissue clearly has the potential to transmit CJD, though the risk is likely to be substantially different for the various component tissues of the eye with retina and optic nerve posing the greatest risk. There is one confirmed and one probable case of iatrogenic CJD transmission by corneal transplantation, as well as a few reported possible transmissions that could have been coincidental infections. A validated test for CJD in human tissue donors is not currently available; however, selection criteria that exclude donors that may be infected by CJD would appear to have been effective. The risk of transmission posed by surgical instruments is likely to be low given the very few transmissions reported following neurosurgery; but this route of transmission cannot be excluded. In the absence of single-use alternatives, the application of recommended cleaning and disinfection protocols and the ability to identify and quarantine instruments that may have been used on an infected patient are important means of risk reduction.
